define it arbitrarily for present purposes as the area from the United StatesMexico border and the lower Rio Grande valley southward through Panama and including a small section of Colombian territory southwest of the Gulf of Urabfi. A more' exact demarcation of both boundaries is given below. For the sake of simplicity, Baja California and all offshore islands are excluded from consideration.
The sum of the current evidence indicates with reasonable certainty that: (1) at least from the early Tertiary to the present, continuous land has extended from North America to northern Nicaragua; (2) at least by early middle Miocene time, land was continuous as far south as the Panama Canal Zone; (3) no land connection existed between Central and [Auk, Vol. 86 and duration of seaways across the expanse between northern Nicaragua and northwest Colombia, but it seems certain that some existed. The Nicaraguan depression that forms the lowlands of southeastern Nicaragua (including the two great lakes) was the northernmost probable site of a Tertiary seaway. Even if the Pacific and the Caribbean were never actually connected in that region, at least an extensive embayment greatly narrowed the isthmus and must have thereby influenced the north-south movements of many animal groups. Post-Pliocene events included important orogenic activity and climatic changes, which contemporary ecological conditions and animal distributions strongly reflect.
DISTRIBUTIONAL SIGNIFICANCE OF NICARAGUA
As a result of the configuration and history of Central America as an archipelago-isthmus linking North and South America, its avifauna consists essentially of three components--one of northern derivation, one of southern derivation, and an endemic component; many taxa of the latter group are probably derived relatively recently from ancestors of northern or southern derivation. Sorting out the members of these components is a difficult zoogeographic problem. One approach would be to choose an appropriate reference point or region in Central America and to analyze the geographical affinities of its avifauna--that is to identify, if possible, those taxa that have reached the reference region from the north or from the south. For purposes of such analysis, the ideal reference region should be: (1) the site of a former major geologic discontinuity between northern and southern land masses; (2) a site of the termination of major types of habitat; (3) an area that includes the northern or southern limits of the ranges of many species; and (4) an area that has no taxa confined exclusively within its boundaries.
The region enclosed within the boundaries of Nicaragua fits these four categories rather closely. It is the site of the juncture of an ancient elevated northern land mass with a transient lowland area to the south that was sometimes covered by the sea. Northern Nicaragua marks the southern extent of naturally occurring pine forests in the western hemisphere, and no evidence suggests that pines ever extended south of the present limits (Mirov, 1967). These forests. constitute a characteristically no.rthern habitat, and many species of birds with wide northern distributions reach their southern limit in the Nicaraguan pines. Another habitat and its associated avifauna that is presently characteristic of northern Central America--the arid scrub and thorn forest of the Pacific slope--reaches its southern limit not far beyond the Nicaraguan border in the northwest quadrant of Costa Rica. On the Caribbean slope, lowland tropical rain forest covers much of eastern Nicaragua, including the former Nicaraguan only in Nicaragua and discontinuously in areas farther to the south (Gampsonyx swainsonii, Nyctiphrynus ocellatus, Lurocalis semitorquatus, Myrmornis torquata) are only subspecifically differentiated, it at all, from the more southern populations. With these few exceptions, all species found in Nicaragua also range into areas immediately to the north or south or both. Thus, to paraphrase G. Evelyn Hutchinson rather outrageously, I propose that Nicaragua is a particularly good historico-ecological theater in which to study the Central American distributional play.
It is at once evident that the simple theoretical ideal of categorizing Nicaraguan birds as northern or southern (or as Central American endemics of northern or southern affinity) can only be approached and not fulfilled. Widespread forms such as many water birds, raptors, and aerial feeders may never be designated with a high degree of probability as derived from a particular region. Climatic changes associated with glacial and interglacial periods in the Pleistocene must have caused alternate southward and northward extensions of range of many groups, and the fossil record relevant to Central American bird distribution is discouragingly meager. Nevertheless with appropriate caution and restraint, useful data should be obtainable from analysis of contemporary patterns of distribution.
DEFINITIONS AND PREMISES
Terms must be defined before continuation of the discussion. Unless otherwise stated, by "distribution" I refer to post-Pliocene distribution; by "northern" and "southern" I refer to areas north or south of Nicaragua;
by "affinity" I refer to a geographical relationship of a contemporary population with the region from which its present distribution was derived. Thus in stating that a taxon is of northern or southern affinity, I mean to suggest that its post-Pliocene distribution stems from populations that formerly were or still are found only north or south of Nicaragua, respectively. In the subsequent distributional analysis, the following three premises are adopted as reasonable and valid except in cases where there is specific evidence to the contrary: 1. Any taxon found exclusively in the area from Nicaragua northward is of northern affinity. The only alternative explanation for such a distributional pattern would be that a taxon of originally southern distribution extended its range north of Nicaragua, maintained itself there, and failed to survive in more southern areas. This seems highly improbable. It is possible that the taxon in question may formerly have had a more extended distribution southward and that the populations south of Nicaragua have not survived; if so, the contraction of the range northward suggests that the taxon is indeed of northern affinity and thus supports the original premise. Some representatives of more southern areas have undoubtedly colonized areas north of Nicaragua, but most of these still exist as southern populations also. Other originally "southern" colonizers have differentiated into distinct taxa in the north--in which case the latter may be considered forms of northern affinity (see example below). It should be emphasized that these premises apply only to the particular taxon under consideration and not necessarily to the higher categories to which it belongs. For example a species may be of north'ern affinity (Synallaxis erythrothorax; Furnariidae; southern Mexico. to Honduras) although the family and the genus are of southern derivation. 2. Any taxon found exclusively in the area from Nicaragua southward is of southern affinity. The reasoning is the same as in the previous premise, including the provision that a species may be of southern affinity (Vermivora gutturalis; Parulidae; mountains of Costa Rica and western Panama) although the genus and probably the family are of northern affinity. This premise may seem less secure than the first one as it is easier to imagine a northern taxon shifting its range southward during a Pleistocene glacial period and then remaining only in the southern area as an isolated relict population. However it is improbable that the entire population of a taxon would shift its range and leave no remnants in the northern area. For example th'ere is an isolated population of the Acorn Woodpecker (Melanerpes Jormicivorus) in Colombia but the species also occurs from Oregon south to western Panama. Even if an entire population did shift southward during a glacial period without leaving remnants in the north, it is unlikely that none would expand back into the northern part of the original range under ameliorated conditions. For example it could possibly be argued that a species with a range such as that of Ramphastos swainsonii (Ramphastidae: northwestern South America to eastern Honduras) is actually of northern affinity, that its range shifted far to the south during a glacial period, and that it is still extending its range northward toward its area of origin but has not yet reached it. Those northern tropical populations that moved south during periods of glaciation would probably be the first to reoccupy the northernmost areas that again became habitable for tropical forms in postglacial times. The thousands of years since the last glacial period constitute ample time for such range expansion to the present northern limits of tropical habitat. Other reasons why a species may not have reoccupied its surmised former range--that the more northern tropical areas are in some way unsuitable, or that they are already occupied by competitors--are arguments in favor of the hypothesis of southern affinity. In general, a form that has moved south and north with • a particular habitat would be expected to occupy the existing area of that habitat to the fullest extent possible at any given time.
3. The extent to which a taxon ranges south or north of Nicaragua is a rough indication of the probability of north'ern or southern affinity, respectively. This premise applies to those forms that are not confined to the northern or southern sections of Central America, and it follows from the first two premises. For example, species such as Dendrortyx leucophrys (Phasianidae; southern Mexico to northern Costa Rica) is probably of northern affinity; species such as Ramphastos swainsonii (see above) and Myrmotherula fulviventris (Fo.rmicariidae; Ecuador to eastern Honduras) are probably of southern affinity. Tke farther the "short end" of the range extends beyond Nicaragua, the greater the possibility of error in designating northern or southern affinity. Wide-ranging forms are unanalyzable in this manner unless additional evidence relevant to. the problem is available.
METIIODS
In order to test the above premises and the suggested importance of the Nicaraguan region for consistency with the available evide.nce on Central American bird distribution, I have devised a diagrammatic method of representing distributional data that utilizes Nicaragua as the reference region with which the rest of Central America may be compared. Hopefully this distributional model has relevance for all of Central America and, as the method may be applicable to other isthmian areas or to island chains extending between co.ntinents, it is presented here despite its still tentative fo'm.
As bird distribution in Central America tends to fall into gradients following the 1, ng axis of the land mass, a plot of the avifaunas of sequential segments of the en ire area should reflect distributional trends. Ideally Central America could be divided i.nto such segments at points representing major avifaunal discontinuities that would correspond to important contemporary geographic and ecological interruptions. Unfortunately such concordance of discontinuities is never perfect except on a limited scale, and divisions must therefore be at least partly arbitrary. I have attempted to divide Central America into segments with lines that approximate zoogeographically significant terminations in the ranges of at least some birds. The segments are not If the range of a genus or species that breeds in Central America does not extend into either of the bracketing regions, a Central American origin is suggested; if its range extends into only one of the bracketing regions, the possibility of derivation from that continent should be co.nsidered; if its range extends into both bracketing regions, the chances of determining its earlier geographical affinities (northern, southern, or Central American endemic) are slight.
PREPARATION OF TIIE DIAORAMS
Following the premises and methods described above, the diagrams are prepared through the following steps: 1. A horizontal base line representing the number of genera and species in a given family that are found in Nicaragua is drawn.
2. This line is divided into segments representing the different regions discussed above, except that Nicaragua is represented as a point and not as a segment as it is the reference region with which the others are compared. Suppose that a family is represented by several taxa in Northwest Mexico and that the number of taxa declines progressively to the south, with none at all reaching Nicaragua. Plotting only solid columns for simplicity's sake, the resulting pattern is given in Figure 2 . The diagram visually suggests a group of northern affinity, the distribution of which is attenuated as it ranges southward into Central America and terminates nortk of Nicaragua. Suppose now that a family has a distribution similar to that of the Capitonidae except that some taxa reach Nicaragua and a diminishing number of these extend into areas farther north. The res.ulting pattern is shown in Figure 5 , and it suggests a group of southern affinity but a rather expansive one; if no taxon extends beyond Line I, the case for complete southern affinity is strengthened. Figure 6 illustrates the combined pattern for the families Galbulidae, Bucconidae, and Ramphastidae, all of which are similar in distribution with none extending north of Line I. Note that nothing is plotted above the line north of Nicaragua and nothing below th'e line south of Nicaragua; this indicates that no genus or species in these families is endemic to the areas north of Nicaragua and Honduras. In designating habitats by symbols it is impossible to indicate finer distinctions such as preference for edge situations, second growth, or lower or higher levels within forest. The. symbols. are meant to suggest in general, not in detail, the environment in which most of the species' range lies.
When the habitat symbols are added to the diagram for the family Picidae, it will be noted that most species in the N and N' components are birds of the arid scrub or pine or pine-oak habitats; most species in the S [ In at least some species both members of a pair roost together in the nest cavity, and in the nonbreeding season they may form dormitories with up to 16 birds roosting together in a single tree cavity. Birds with such habits might be carried great distances in a raft of trees; by utilizing the shelter of a nesting or roosting cavity, a pair or a group might survive a long journey that would be fatal to other birds with' habits leading to greater exposure. With these characteristics, barbers would seem to be as capable of dispersion by rafting as any group among the land birds. Some of the above qualifications apply also to trogons and to many of the Psittacidae, but the evidence for a former more northern distribution of these groups is much stronger than for the Capitonidae.
Geographical affinity curves and diversity curves for genera may be plotted in exactly the same manner as the species curves. The curves for genera tend to parallel the species curves but not always consistently; sometimes the slopes are in opposite directions in one or more areas. Many neotropical genera are poorly defined and may be either too inclusive or too exclusive. This often necessitates such elaborate discussion of alternatives, with reference back to the distributional diagrams, that it seemed best not to include the possibly ambiguous generic curves in this preliminary paper.
DISCUSSION
The conscientious zoogeographer must take into consideration all available and relevant historical and biological evidence in attempting to account for the distribution of animals. When such evidence is sparse, as it usually is, it is tempting to seize on correlations between old geological or environmental configurations and contemporary distribution patterns and give them a cause-and-effect interpretation. Central America offers abundant opportunities for interpretations of this kind, for the present distributional limits of many avian genera and species correspond to the In attempting to analyze Central American bird distribution I have tried to show that study of present-day ranges may still yield useful information about the history and geographic affinities of the avifauna, and that examination of a critical distributional region (Nicaragua) provides data that may be extended and applied to the isthmus as a whole. The diagrammatic model was devised to. illustrate graphically and in condensed form the distributional data on which my interpretation is based. In considering the various diagrams and graphs presented, it is of particular importance to remember that wh'atever validity they have is based entirely on the cogency of the premises outlined in the introductory and explanatory sections. Any neatness of pattern and clarity of line is an inherent property of th'e premises and method employed and does not necessarily confirm or validate either. This caveat is perhaps more necessary for the author than the reader, but neither will be harmed by stressing the point. It also emphasizes one of my intentions, which' is to stimulate those with special knowledge of the relevant families and regions to test the present interpretations for accuracy and consistency with the weight of other evidence pertaining to bird distribution in Central America. On the grounds of its geologic history and contemporary ecological and distributional considerations Nicaragua is selected as a key reference region, the avifauna of which reflects the major distributional trends in Central America.
Nicaragua is the site of an important Tertiary geologic discontinuity; major habitats and their associated avifaunas show attenuation or termination of their ranges there; it has no strictly endemic bird species; almost its entire avifauna appears to be derived from regions to the north or to the south. If the Nicaraguan avifauna could be sorted into components of northern and southern affinity, the method of sorting and the data derived would be highly relevant for analysis of the avifauna of Central America as a whole.
Only post-Pliocene distribution is considered unless otherwise mentioned. "Northern" and "southern" refer to the regions north or south of Nicaragua, and "affinity" refers to a geographical relationship of a contemporary population to the region (north or south of Nicaragua) from which its post-Plio.cene distribution is derived. Taxa that are found ex-[Auk, Vol. 8(> clusively north of Nicaragua (sometimes including North America) are considered to be of northern affinity, and those ranging exclusively south of Nicaragua (sometimes including South America) are considered to be of southern affinity; i.e., their present distribution stems from populations that were found north or south of Nicaragua, respectively, by the end of the Pliocene.
Those taxa that range into or somewhat beyond Nicaragua from the north (or south) are probably of northern (or southern) affinity. The shorter the distance that one end of the range of such taxa extends beyond Nicaragua, the greater the probability of designating the geographical affinity correctly. Taxa Nicaragua is utilized as the reference region with which the other segments (regions) o.f Central America are compared, and a distributional diagram is prepared by which all genera and species in a given family may be sorted into those of probable northern or south'ern affinity, or Central American endemics, or widespread forms of indeterminate affinity.
Using figures derived from the diagrams, the numbers of species of northern or southern affinity within each family may be plotted for each of the eight Central American regions and a graphic representation (geographic affinity curve) of increase or decrease in species of northern or southern affinity within Central America may be drawn. The data may also be used to plot a species diversity curve showing the latitudinal trend of increase or decrease in total number of species within a given family throughout Central America.
A sample of avian families of both simple and complex distribution patterns are plotted in this manner, and the interpretation of their affinities as suggested by the diagrams is compared with that suggested by other data.
